INTRODUCTION
In paediatric clinical practice, tests for urinary catecholamines and their metabolites are most often requested to aid in the diagnosis and follow-up of patients with neural crest tumours, particularly neuroblastomas.
Neuroblastoma is the most common extracranial solid tumour in children. Each year 80-90 new patients are diagnosed in the UK, most of them infants or toddlers. Neuroblastoma usually arises from either the adrenal medulla or the paravertebral sympathetic chain. It shows a wide variety of biological activity and has a correspondingly diverse range of presenting features and subsequent prognoses. Younger patients below 18 months of age generally have less aggressive forms of the tumour and require less intensive treatment, and indeed some children may not require any treatment as the tumour can spontaneously remit. In contrast, older children often present with more advanced and biologically aggressive forms of the disease and outcome is often poor despite very intensive treatment.
The presenting symptoms are usually dictated by the site of the primary tumour, sites of metastatic disease (bone marrow, bone, lymph nodes, liver, skin, brain and lungs) and possible hormone secretion. A suspicion of neuroblastoma is most typically raised in a child found to have abdominal, mediastinal or bone masses, or in a child with non-specifi c symptoms of lethargy, weight loss, recurrent infections or fever. Neuroblastoma should also be considered in any child with Horner's syndrome, opsoclonus-myoclonus syndrome or a persistent limp.
Phaeochromocytoma is another tumour which secretes catecholamines and can be either benign or malignant. These tumours are extremely rare in childhood, with only one or two new cases diagnosed in the UK each year, usually in teenagers. Presenting symptoms include sweating, palpitations, syncope, tremor and weight loss, which are all related to catecholamine secretion, although occasionally patients present with mass effect from the tumour. These patients often have hypertension, which can be paroxysmal.
Localising symptoms warrant urgent imaging, but in all other cases, especially if symptoms are non-specifi c, a simple urine test with rule-in or rule-out potential would be a valuable diagnostic tool and aid further specialist referral. In this article we discuss the practicalities of a urine catecholamine test and available evidence regarding the utility of such a test in diagnosing neuroblastoma and phaeochromocytoma, and in following up patients after treatment is completed. Further information and critical appraisal of the papers cited in relation to the specifi c clinical questions can be found in the supplementary online table.
PHYSIOLOGICAL BACKGROUND
The physiological, and hence pathophysiological, basis for measuring urinary catecholamines and metabolites relies on a simple understanding of the metabolic pathways involved. Endogenous catecholamines act as neurotransmitters in the central nervous system and the sympathetic postganglionic endings and are secreted as hormones by the chromaffi n cells of the adrenal medulla. They are synthesised from tyrosine and stored in special granules in the producing cells. After release, their half-life in the plasma is about 1 min. Only 2-3% of catecholamines are excreted unchanged in the urine, with most of them being metabolised by various enzymatic pathways into many metabolites, which can be detected in urine. 1 The main components of the metabolic pathways and, in particular, the chemicals measured as part of the urine catecholamines are detailed in fi gure 1.
The adrenal medullae secrete epinephrine and to a lesser degree norepinephrine, while pure norepinephrine is released from sympathetic postganglionic endings, and collectively these are important in physiological acute stress reactions. Their biosynthesis and release is regulated dominantly by cholinergic sympathetic innervation. Their effects include tachycardia, increased myocardial contractility, mobilisation of glucose and fatty acids from stores and increased metabolic rate, dilatation of arterioles in muscles but constriction in viscera and skin, and smooth muscle relaxation in bronchi, bowels and the bladder. Normal levels of plasma and urine catecholamines are very variable and change in response to posture, stress, pain, plasma glucose level, and so on. 2 Drugs and in particular, aminophylline, caffeine, erythromycin, salicylates, monoamine oxidase inhibitors and imipramine can have major effects on catecholamine levels.
Neuroblastomas usually have high expression of tyrosine hydroxylase, the enzyme which converts tyrosine to L-dopa, which is then metabolised to dopamine and homovanillic acid (HVA; fi gure 1). Some of the dopamine is converted to norepinephrine and epinephrine and these are then metabolised to vanillylmandelic acid (VMA).
Phaeochromocytomas tend to produce more epinephrine and norepinephrine and the metabolite VMA, relative to dopamine and HVA. This pattern of catecholamine secretion may also be seen in infants with neuroblastoma. Regardless of the underlying tumour type, it is extremely important that patients with this pattern of catecholamine secretion have appropriate α-blockade One of the challenges when investigating a patient with suspected neuroblastoma is establishing a defi nitive diagnosis using minimally invasive procedures in a timely manner. Knowing the probable diagnosis before biopsy is useful in decisions regarding mode of biopsy, the concurrent placement of a central line for chemotherapy, and the exclusion of conditions requiring quite different treatment modalities.
Urine catecholamines have been used since the early 1970s to assist in the diagnosis of neuroblastoma. 4 The most effective, regularly assessed, catecholamine metabolites are HVA and VMA. There are some suggestions that methylated variants may have marginally greater diagnostic value. 5 6 Various studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] have shown that abnormal values have a sensitivity of 66-100%. The proportion of neuroblastoma patients with elevated urinary levels of VMA and HVA varies with the stage of the disease (as described by the International Neuroblastoma Staging System), with low stage tumours being less likely to have abnormal levels (see table 1 ).
Specifi city is generally very high, with estimates of >99% and in one series 5 100% specifi city was reported. False positive results are occasionally found, and these often seem to occur in children with other chronic health disorders, such as severe eczema, muscular dystrophy and congestive cardiac failure. 7 Most series report a positive result when the level is at least 1.5 times the upper limit of normal and results which are much higher than the age-related upper limit of normal are increasingly likely to represent true positives.
Not surprisingly, the chance of a urine catecholamine test being positive depends on the clinical context, that is, a positive result is very unlikely in a screening programme, but highly likely in an ill child with an adrenal mass. The relative probability of children in differing clinical scenarios having neuroblastoma dependent on urine catecholamine results is shown in table 2.
Clinical bottom lines
In patients with a moderate suspicion of neuro-1.
blastoma, a positive urine catecholamine test prior to any surgical intervention as surgical manipulation of these tumours can produce acute catecholamine release and catastrophic changes in blood pressure.
TECHNICALITIES OF TESTING
Unless the specimen is processed within a few hours of urination, the sample should be acidifi ed to pH 4 using reagents to prevent degradation of catecholamines. In order to avoid acid burns, it is advisable that the patient does not pass urine directly into an acid-containing bottle, but that reagents are added afterwards. In the case of a 24 h collection, passed samples can be poured one by one into a bottle containing the reagents. 3 Urine catecholamines and their metabolites are most commonly analysed using high performance liquid chromatography (HPLC), although other techniques including mass spectrometry and immunoassay are sometimes used. Before HPLC can be performed, catecholamines are extracted from the urine and the purifi ed extract is then injected onto an HPLC column. Analytes elute from the column at known retention times, and pass into an electrochemical detector where they are oxidised and each compound appears as a chromatographic peak, the area of which is directly related to concentration. The concentrations are then expressed as either μmol/24 h, or more commonly in children, μmol/mmol creatinine. An added reference compound is also measured to correct the process for any variations in extraction effi cacy and elution between analyses. 1 Each laboratory creates age-adjusted normal ranges of urine catecholamines and metabolites as determined by their own methodology and use of specifi c reagents, by testing urine from patients who do not have a catecholamine producing tumour. As a result, the normal ranges quoted vary among different laboratories. There is no clear answer to the question of how valuable urinary catecholamines are in the detection of relapsing neuroblastoma and it probably depends on which other investigations are being used to identify patients with relapsing disease. The specifi city of the test in this context has not been reported, but extrapolating from reports of the initial diagnostic value of catecholamine metabolites would suggest that the test is highly specifi c and there is no reason why the specifi city would be any different in patients with relapsing neuroblastoma compared to those at initial diagnosis. Most reports do not mention having a lower threshold for urine catecholamine levels which would prompt further investigation to detect relapse in patients on follow-up surveillance, compared to the usual two or three times the upper limit of normal used in the primary diagnosis of neuroblastoma. Practically, most patients with an elevated level of urine catecholamines on two successive samples would progress to have further investigations.
There are a range of values for test sensitivity in detecting relapse. One report from the USA shows very poor sensitivity (24%) in 154 patients with relapsed disease when compared to regular radionucleotide imaging (metaiodobenzylguanidine, MIBG scans) in the highest risk group of patients with stage 4 neuroblastoma. 20 This would suggest that reliance on urine catecholamine testing would result in a lag period in detecting relapse compared to using more invasive investigations. A small Japanese study 21 suggested that sensitivity is around 45%, but this had only 11 relapse episodes in eight patients, and these patients had mixed stages of neuroblastoma. A larger European study 22 showed a similar sensitivity of 54% (47 out of 87 patients with relapse or progression), which was much lower than with MIBG imaging which had a sensitivity of 94% in a similar group of patients. This group used a less intensive radiological surveillance strategy, which may refl ect the higher sensitivity of the tests compared to the US study which was identifying relapsed patients at an earlier time point. Taken together, these data suggest that urine catecholamine metabolites become abnormal in roughly the same proportion warrants further diagnostic evaluation, including repeat urine testing and abdominal and thoracic imaging. In patients who are non-specifi cally unwell, 2.
with only a moderate suspicion of neuroblastoma, a negative urine result is likely to rule out the diagnosis. In patients with a strong suspicion of neu-3.
roblastoma in whom the test is negative, the diagnosis has not been fully excluded and further evaluation is still required.
Do I need to do 24 h collection or is a single, spot sample good enough?
In Logistically a 24 h collection on an infant or young child is diffi cult and unlikely to be a complete collection. Some work in countries with neuroblastoma screening policies has shown diurnal variation in metabolite excretion, 12 and this has been well documented in the setting of phaeochromocytoma. 16 Very few direct comparisons of methods have been reported, however an indirect assessment can be carried out by reviewing the published literature and comparing the sensitivity of the tests used.
Direct comparisons show excellent correlation between the results of 24 h and random samples using different laboratory techniques, 17 and the lack of clinical importance of 24 h samples is emphasised by the observation that negative spot samples are also negative on 24 h collections. 18 Further indirect evidence demonstrates that 24 h urine collections from infants are often incomplete and this results in a high frequency of inaccurate results. 5 12 In addition, large trials and series used untimed samples in their studies. 8 19 Despite the physiological concern that diurnal variation may create false negative results, fortunately for clinicians and patients, evidence group.bmj.com on November 2, 2017 -Published by http://ep.bmj.com/ Downloaded from of patients as at initial diagnosis. Other techniques probably can detect relapse earlier, but they are more invasive.
The value of early detection of neuroblastoma relapse in patients without symptoms is debatable. In particular, patients with relapsed high risk neuroblastoma have a very poor prognosis and are unlikely to be cured, although treatment may be valuable in symptomatic palliation. The treatment of relapsed disease is subject to ongoing study. Phaeochromocytoma is an exceptionally rare diagnosis in children as discussed in the introduction. 23 Various sources agree that it causes less than 1% of cases of childhood hypertension. [24] [25] [26] The diagnostic accuracy of the test in this setting is estimated to have a sensitivity of 86% and specifi city of 88%; a positive test result has a 3% chance of phaeochromocytoma, and a negative result reduces the probability to 0.01%. 27 However, the majority of children with phaeochromocytoma have an underlying inherited genetic predisposition, and in many cases these are syndromes with other obvious manifestations. 23 Also, in most cases of phaeochromocytoma hypertension is accompanied by other signs, and a higher index of suspicion is warranted especially with the triad of hypertension, sweating and tremors. 28 Therefore in practice, phaeochromocytoma is almost never the cause of isolateed hypertension. If phaeochromocytoma is strongly suspected, we suggest referral to an endocrine specialist for specialised investigations under close observation for plasma free metanephrines. 29 Clinical bottom lines 1. Phaeochromocytoma is an exceptionally rare diagnosis, but if present, other signs of the disease or a predisposing syndrome often accompany hypertension. 2. Without strong clinical suspicion, urine catecholamine testing does not provide useful diagnostic information.
LIMITATIONS

Use of the test in screening programmes
Japan has the most experience of neuroblastoma screening programmes and ran a national urine screening programme for all children at the age of 6 months from 1984 to 2003, but this was discontinued as it did not appear to reduce deaths from neuroblastoma; there have been similar results from smaller German and Canadian studies. 30 31 Screening of patients at 6 or 12 months of age seems to identify patients with a moderate risk of neuroblastoma which in many cases will spontaneously regress. Therefore, some of the patients detected by screening will be treated for a condition which without screening would never have become clinically signifi cant. More recent analysis of the data from Japan comparing those diagnosed in prescreening and postscreening cohorts, however, showed reduced mortality in those diagnosed in the prescreening period, but this difference may be due to therapeutic advances. 11 Currently there is no clear evidence to suggest that national urine catecholamine testing is benefi cial.
Reference ranges
As explained in the Technicalities of testing section, there is no accepted standard reference range for urine catecholamines and their metabolites, and each laboratory produces their own specifi c reference ranges. The interpretation of specifi c values is only meaningful in this context.
CONCLUSIONS
Urine catecholamine measurement can be a useful diagnostic test in children with suspected neuroblastoma, but its value depends upon the clinical situation. When clinical signs such as unilateral Horner's syndrome or an abdominal or paraspinal mass result in a high suspicion of a child having neuroblastoma, then a positive test result will essentially make the diagnosis. This does not rule out the value of biopsy, as important diagnostic information which may alter management will be acquired through genetic testing of the tumour material. In the setting of a non-specifi cally unwell child, a positive test demands further investigation but does not confi rm neuroblastoma. These urine tests can be undertaken on a spot sample; a 24 h collection is unnecessary in this setting. The follow-up of children after completion of therapy can be usefully undertaken with urine catecholamine screening, but this is not the most sensitive method of detecting relapse. Phaeochromocytoma is such a rare diagnosis that even in hypertensive children, a urine catecholamine test is unlikely to suggest a diagnosis and the results may well be unhelpful. Patients strongly suspected of having phaeochromocytoma should be referred for specialist review.
